In four Polish conservative flocks of Suwałki (Su), Kartuzy (Ka), Kielce (Ki) and L* 24h ) and EC 45' (3.23 mS/cm). The pH value and L* and a* parameters (except L* 24h and a* 24h ) of the analysed flocks were decreasing, and conductivity increasing together with the time post slaughter, and the rate of changes depended on the birds' origin. Greater differences between pH values, measured 15 min and 24 h after slaughter were stated in breast muscles from Ka (1.09) and Su (0.90) geese than from the other two flocks investigated (Ki -0.74; Sb -0.58). The highest increase in conductivity (from EC 45' to EC 24h ) was affirmed in Ka and Ki muscles (3.84 mS/cm) and the lowest in breast muscles of Sb geese (2.72 mS/cm). 
Introduction
Conservation of genetically different animals, among them birds, existing in small populations and threatened with extinction is required for economic, scientific, cultural and historical reasons (World Watch List -FAO, 2000) . From the point of view of breeding maintaining genetically diversified conservative flocks of birds is necessary to give rise to genetic variation in the selected populations (KSIĄŻKIEWICZ, 2003) . These conservative flocks were used in the development of new breeding and experimental strains and synthetic lines as well as in the search for heterosis effects in commercial sets (KISIEL and KSIĄŻKIEWICZ, 2004; WAWRO et al., 2004; WOŁOSZYN et al., 2006) . The world's genetic resources conservation programme currently includes 11 Polish goose populations maintained in Poland, including Suwałki geese -Su, Kartuzy geese -Ka, Kielce geese -Ki and Subcarpathian geeseSb (http://bioroznorodnosc.izoo.krakow.pl/gesi). The geese from conservative flocks are characterized by good musculature and low carcass fatness as well as high dressing percentage (≈ 65 %), high percentage content of leg (≈ 17 %) and breast muscles (≈ 20 %) and also high meat quality. That is why these flocks may serve as a natural gene resource, e.g. for selection of improved qualitative traits of raw poultry meat material, which simultaneously would fulfil the requirements of an ecological product (WĘŻYK et al., 2003; ARSLAN, 2004; MAZANOWSKI, 2004) . The increase in meatiness as well as rearing conditions, nutrition, handling and slaughter related processes could affect the chemical composition of muscles, their yield, as well as the mechanism which intervenes when muscles become meat (BERRI, 2000) . It is well documented that stress (feed and water deprivation, struggling, stunning and environmental conditions, like hot temperature) affects the quality of the meat, and this effect depends on both duration and intensity of the stress period (OFFER, 1991; PINGEL and KNUST, 1993; LENGERKEN et al., 1997; KÜCHENMEISTER and KUHN, 2003) . Some of the technological properties of meat can be determined by the rate of glycolysis, measured directly after animal slaughter (PINGEL and KNUST, 1993) . WARRISS et al. (1989) demonstrated that characteristics of post mortem pH decline are determined by the physiological state of the animal (i.e. antemortem stress level, body temperature) at the time of stunning. As reported by SOARES et al. (2002) , normal and dark, firm and dry (DFD) type meat may be affected by pre slaughter animal handling conditions such as genetics, nutrition, heat stress, transport and in particular longtime stress before slaughter. In recent years, it has been shown that different species of birds, including geese, may be characterized by DFD-and PSE-type meat (PETRACCI et al., 2003) . PSE-type poultry meat had over 30 % cooking losses. An additional defect of pale meat occurs when it is used in further processing and causes up to 20 % purge loss and a condition called "cracking" in which gaps appear inside the structure of the cooked meat. Therefore, PSE meat should be sorted and directed to uses where the DFD meat is not a problem (SAMS, 1999) . Detection of meat with lower technological quality, leading to increased product exudate and inferior texture, is considered to be a significant problem in poultry meat processing (BARBUT, 1998; BERRI et al., 2005) . At present the chief determinants used to diagnose defects in meat are pH value, colour parameters and conductivity (GRZEŚKOWIAK et al., 2004) . Therefore, for each species of animals there should be specified the exact lapse of time between measurements, especially in case of pH value. In pigs, the first measurement of pH value (pH 1 ), colour parameters (L 1 *, a 1 * and b 1 *) and conductivity (EC 1 ) is made 45 minutes, and the second ≈ 24 hours after slaughter. However, in poultry there are no unified standards concerning the time of measurements of the pH 1 value, to identify the defects of meat. There is no available literature concerning waterfowl, especially goose muscles. In ducks such measurements were carried out within the first 15 min (KNUST et al., 1995; SKRABKA-BŁOTNICKA et al., 2003 ), 20 min (BAÉZA et al., 1997 and even 45 min (ALEXIEVA et al., 1998) after slaughter. As regards pH 2 , all of the above mentioned authors agreed as well as by KISIEL and KSIĄŻKIEWICZ (2004) to measure it at 24 h post slaughter. This is the reason why we conducted an investigation on this topic. This study is a preliminary part of research aimed at determining the optimum time interval post slaughter for the measurement of pH value, colour parameters and conductivity of muscle tissue to identify quality defects in poultry meat. It is suggested that meat qualitative studies should include traits that had never been determined in conservative flocks of geese (pH, colour parameters and conductivity among others) and contribute to the consumers' evaluation of meat quality. The aim of the study was to determine changes in pH, colour parameters and conductivity of breast muscles of geese from four conservative flocks, depending on type of flock and time after slaughter.
Material and Methods
The experiment involved 17-week-old geese from four conservative flocks (n=12 for each flock, with sex ratio of 1:1): Suwałki -Su; Kartuzy -Ka; Kielce -Ki and Subcarpathian -Sb (Table 1) , registered in the FAO World Watch List (2000) and conserved using the in situ method as a "gene bank" at the Research Station of Waterfowl Genetic Resources in Dworzyska, belonging to the National Research Institute of Animal Production in Kraków, Poland as separate closed populations. During the testing period geese were reared up to 6 weeks of age in a brooder house of controlled air temperature, and afterwards until 17 weeks of age they were kept on yards of restricted area, covered with straw and partially roofed. The geese from all the flocks were fed ad libitum on the same complete feeds. This diet was given until 3 weeks of age and contained: 20.20 % crude protein, 3.06 % crude fat, 3.38 % fibre and up to 11.59 MJ metabolizable energy, and later -from 4 to 17 weeks of age -up to 17.60 % crude protein, 2.40 % crude fat, 4.08 crude fibre and 11.52 MJ metabolizable energy per kg of feed. All birds were weighed at 17 weeks of age using an electronic balance to an accuracy of 5 g. Based on average live body weights (≈ 4300 g) of ganders and geese, 6 males and 6 females from each flock were selected for investigations. Twelve hours before slaughter, birds were only allowed access to water. Birds were slaughtered in a local slaughterhouse according to the relevant regulations applied in the poultry industry. After slaughter the birds were manually defeathered. The qualitative assessment of breast muscles (pectoralis superficialis) was performed based on pH value and colour parameters (L*, a*, b*) 15 min (pH 15' ; L* 15' ; a* 15' and b* 15' ), 30 min (pH 30' , L* 30' , a* 30' and b* 30' ) and 45 min (pH 45' , L* 45' , a* 45' and b* 45' ) post mortem and after 24 h cooling (pH 24h , L* 24h , a* 24h and b* 24h , respectively). Mostly white plumage, sometimes piebald. Known for good health, resistance to unfavourable environmental conditions, good meatiness, low fatness and very good reproductive performance. Birds are characterized by good feed efficiency and can be used to produce three-or four-strain hybrids with increased meatiness. The pH values of muscles were measured using a digital Metrohm pH-meter 654 series (Metrohm Ltd. CH-9100 Harisau, Switzerland), equipped with a combination type of pH spearhead electrode -Double Pore Slim (Hamilton Company, Reno, Nevada, USA). The electrode was placed at an angle of 45°, midway through the investigated muscles. Values of pH were read from an LCD display with an accuracy of 0.01. The instrumental colour analysis was based on measurement of light reflected from muscle surface and later transformed into values in the CIE (1986) L*, a*, b* colour system. An automated Minolta Chroma Meter CR-310 (Minolta Camera Co. Ltd, 2-Chome, Osaka 541 Japan) using light source D 65 with 8 mm measuring cell was used to register L* -lightness (assumed to be a lightness variable on a scale from 0 for an ideal black to 100 for an ideal white), a* -redness (represented the degree of rednessif positive or greenness -if negative) and b* -yellowness (represented the degree of yellowness -if positive or blueness -if negative) values. Before measurements the apparatus was calibrated according to the white reference standard: Y=94.2; x=0.313; y=0.324. Muscle conductivity (mS/cm) was measured 45 min -EC 45' (at 30.13 ℃ ± 1.45 ℃); 3 h -EC 3h (at 20.85 ℃ ± 1.33 ℃) post mortem as well as after 24 h cooling -EC 24h (at 4.65 ℃ ± 1.59 ℃) using a gun conductivity probe LF-PT-Star CPU (Ingenieurbüro Rudolf Matthäus Co. Ltd., Klausa, Germany). The stainless steel electrodes of the conductivity probe (diameter of each electrode =6.5 mm and distance between electrodes =10.0 mm) were placed at an angle of 90º, midway through the investigated muscles.
The temperature of muscles, in the middle of conductivity measurement, was registered using a spearhead thermometer linked to an LF-PT Star CPU probe. Values of conductivity and temperature were read simultaneously from an LCD display with an accuracy of 0.01 (mS/cm and ℃). Statistical analyses (StatSoft, Inc., 2001 , STATISTICA data analysis software system, version 7.1) included: -calculation of the arithmetic means ( x ) and standard deviations (sd) of the investigated traits; -determination of the significance of differences between means for the investigated traits in analysed kinds of flocks as well as between particular investigated parameters of muscles, measured at different times after goose slaughter, within individual flocks were determined by Duncan's multiple range test. Differences were considered as significant at the level of 0.05 and 0.01; -analysis of variance (ANOVA) using a one-factor design with four or three levels respectively, according to the linear model Y ij = µ + A j + e ij , where: Y ij -value of trait; µ -overall mean; A j -effect of j th kind of flock or particular parameters determined at different times after birds' slaughter within analysed flocks; e ij -random observation error.
Results
In the investigated flocks the average pH 15' values of the goose breast muscles were similar and ranged from 6.52 (Ki) to 6.74 (Ka). The pH 30' of breast muscles from Ka geese was significantly (P≤0.01) higher (6.62) than in Sb geese (6.33). The pH 30' values of muscles of the two remaining flocks (Ki and Su) were similar ( Table 2 ). The pH muscles measured 45 min and 24 h after slaughter varied according to goose flock. Higher pH 45' of breast muscles (P≤0.01) was characteristic of Ka (6.56) and Ki (6.45) than Su (6.20) as well as Ka than Sb (6.28). The pH 24h values ranged from 5.65 (Ka) to 5.96 (Sb), with significant differences (P≤0.01) between Sb and Ka (0.31), Su (0.22) and Ki (0.18) flocks (Table 2) . The effects of genotype on conductivity (EC) of muscles, measured 45 min after slaughter of geese were not found ( The influence of time from slaughter on the analysed muscle parameters was also investigated within particular flocks of geese. The values of pH and L* and a* parameters (except L* 24h and a* 24h ) decreased together with the lapse of slaughter time, and the type of flock affected the rate of changes. A significant decline (P≤0.01) in the pH 15' , pH 30' , pH 45' and pH 24h values of the investigated muscles was observed within all the flocks. Greater differences between pH values, measured 15 min and 24 h after slaughter, were stated in breast muscles from Ka (1.09) and Su (0.90) geese than from the two remaining flocks analysed (Ki -0.74; Sb -0.58) The differences between pH values of breast muscles, measured 15, 30 and 45 min after slaughter within all the investigated flocks of geese were small and statistically nonsignificant (Table 2) .
Generally the values of pH 24h ranged in all the analysed flocks from ≈5.6 up to ≈6.0. In spite of the differences in the investigated parameters of pH 24h , all the muscles can be considered "normal" -RFN goose meat. No differences in pH values, measured 15, 30 and 45 min post mortem were observed within all the investigated flocks of geese (Table 2) . The decrease in pH values was always followed by a significant (P≤0.05, P≤0.01) increase in muscle conductivity in all the investigated flocks. Higher differences in conductivity (between the EC 45' and EC 24h value) were stated in Ki and Ka (by 3.83 mS/cm in both flocks), and the lowest in Sb (2.72 mS/cm) goose muscles ( 45' values suggested that some muscles with the highest pH can be the DFD-type muscles. However, the pH 24h values of muscles from all the investigated flocks of geese were within the range from 5.65 to 5.96 that has been universally recognized as an indicator of RFN (normal) type of poultry meat. Therefore, on this basis all of the investigated breast muscles could be classified as normal type of meat. This indicates that breast muscles from all the analysed flocks of geese are free from DFD-like defect. Therefore, conservative flocks of geese reveal large usefulness for production of valuable raw material. reported lower pH 15' values for Ki and Sb (5.8-5.9) and for Ka and Su (6.2) as well as higher pH 24h (except Sb -5.9) for Ka and Su (6.0-6.1 pH unit respectively) and Ki (pH=5.9) of breast muscles from 24-week-old geese from the same flocks. The data concerning pH 24h obtained by FARUGA and MAJEWSKA (1982) for breast muscles of Biłgorajska geese were higher (5.85-5.91) in comparison with our results for Su, Ki and Ka. PUCHAJDA (1991) reported values of pH 24h of breast muscles from 17-week-old Biłgorajska and White Kołuda geese that were similar to our results. However, the ultimate pH values obtained by PUDYSZAK et al. (1997) for breast muscles from 17-week-old males and females of Biłgorajska (Bi) and White Italian geese from the WD-1 line (W) and their two-breed crosses (Bi × W and W × Bi) were higher by 0.23 compared to the pH 24h obtained in our investigations. The ultimate pH values of breast muscles obtained by Skrabka-Błotnicka et al. (1997) based on analysis of 4 genotypes of 17-week-old males and females of White Italian geese (WD-1, WD-3, WD-13 and WD-31) were similar (difference = 0.05) to pH 24h found in our paper. The rate of pH decline in the analysed muscles was dependent on the genotype of geese. The data obtained indicate that the glycolysis process is slightly slower in Ka and Su (higher pH 15' ) than in Sb and Ki muscles. On the basis of small differences between the values of pH 15' , pH 30' and pH 45' it was affirmed that glycolysis in goose breast muscles in the first 45 min after slaughter proceeds very slowly. The higher decline of pH, between pH 15' and pH 24h values, was observed in Ka and Su (difference of 1.09 and 0.90 pH unit, respectively) than in Sb and Ki muscles (difference of 0.58 and 0.74 pH unit, respectively). Previous studies have shown that the goose breast muscles of crossbreds derived from ganders of Kołuda (W 33) or Graylag (Gr) ancestry and Astra A geese with a pH of 6.10-6.20 at 15 min post mortem (pH 15' ) declined by only ≈0.10 pH unit at 24 h post mortem (pH 24h ) . Several researches have reported on the post mortem muscle pH decline in the muscles of other species of birds (e.g. chickens and ducks), but no comparable information was found on the decline in goose pH. SMITH and FLETCHER (1992) reported that Pekin duckling Pectoralis muscle pH declined from 6.25 at 25 min post mortem to 5.96, 5.71 and 5.66 at 1, 2 and 24 h post mortem, respectively. Taking into consideration the lack of relevant standards concerning the time of measurement of pH 1 value in goose muscles, the present authors, based on the experiment performed, suggest that the first measurement of this parameter can be carried out at 15, 30 and 45 min after slaughter of birds. However, for technical reasons (longer time after slaughter), we suggest that the first measurement of pH value (pH 1 ) be performed 30 or even 45 min after goose slaughter. In ducks, as reported by KNUST and PINGEL (1992) and KNUST et al. (1995) , post mortem glycolysis is nearly finished 30 min after slaughter. In the available literature there are no results concerning the conductivity of goose meat. Conductivity of poultry muscles was only investigated in chicken broilers (PETER et al., 1997) . These authors concluded that the conductivity of breast muscles from 84-day-old male chicken broilers of the "T 451 N Label" line, measured 15 min and 24 h post mortem depended on the crude protein content of the feed. In the case of breast muscles from the above mentioned line of broiler chickens the EC 15' values ranged from 3.35 to 3.62 mS/cm (for crude protein content of feed of 200 and 150 g/kg, respectively) and EC 24h from 8.09 to 9.07 mS/cm (for 175 and 225 g crude protein per kg of feed, respectively). In the present study the values of conductivity of breast muscles in all experimental groups of geese -measured 24 h after birds slaughter (EC 24h ) -were lower from 8 mS/cm and higher from 4 mS/cm. According to standards given by POSPIECH (2000) for pork's meat, the muscles are free from PSE and DFD defects. On this basis, all of the investigated muscles could be classified as normal (RFN) type of meat. Measurements of meat colour parameters (L*, a*, b*) in the goose flocks studied varied, but their values did not reveal any meat defects. The results concerning the values of L* 24h and a* 24h parameters obtained in our experiment were lower than those reported by CHRZANOWSKA and CHEŁMOŃSKA (in MAZANOWSKI, 2004 ) (by ≈17.80 and 1.20 respectively) for breast muscles from White Kołuda geese (Wk), Grey geese (Gr) and their two-breed crosses (Wk × Gr and Gr × Wk). Pudyszak et al. (1997) reported that the colour brightness (%) of breast muscles (determined by the KORTZ et al. method, 1968 ) from 17-week-old Biłgorajska (Bi) and White Italian geese from the WD-1 line (W) and their two-breed crosses (Bi × W and W × Bi) was as follows: 10.28 % (Bi), 10.50 % (W), 9.78 % (Bi × W) and 10.93 % (W × Bi). However colour brightness (%) established by PUCHAJDA et al. (2006) 45' values. The pH, L* and a* values (except L* 24h and a* 24h ) decreased, and conductivity increased, together with the lapse of slaughter time, and the rate of changes depended on the type of flock. The pH declined faster in the muscles from Ka and Su than Ki and Sb geese. The highest increase in conductivity post slaughter was affirmed in the muscles of Ka and Ki and the lowest in the muscles from Sb geese. Taking into consideration the lack of relevant standards concerning the time of measurement of initial pH value (pH 1 ) in goose breast muscles, it is very hard to interpret these results. However, the values of pH measured 15, 30 and 45 min after slaughter of geese suggested that some muscles with the highest pH can be the DFDtype muscles. On the other hand, it is evident the pH 24h values of muscles from all the investigated flocks were within the range from 5.65 (Ka) to 5.96 (Sb) that has been universally recognized as an indicator of the normal type of poultry meat. On this basis all of the analysed muscles could be classified as "normal" (RFN) type of meat. Generally, the present findings suggest that the first measurement of pH and L* parameters may be conducted at 15, 30 and 45 min after slaughter of geese. In light of the present investigations, the conductivity of goose breast muscles should be measured 24 h after slaughter of birds. Future studies of all types (genotypes) of geese should be conducted to work out universally harmonized standards, pointing out accurate time intervals, in which measurements of pH, colour parameters (L*, a* and b*) and conductivity of poultry muscles might be well performed.
